Dimethyl 3-amino-4-(p-tolyloxy)-[1, 1'-biaryl]-2, 6-dicarboxylate (novel carboxylic esters) have been synthesized via starting from one pot-multicomponent reaction of phenol, malononitrile and aldehyde in presence of ZnO 2 / water-methanol system under reflux. We had studied the effect of catalyst systems, effect of temperature, IR, 1 HNMR, mass spectral characterizations and antimicrobial applications of synthesized molecules.
Introduction
Aromatic esters are likely to find wide application in the field of pharmaceuticals as medicines and in agrochemicals as fungicides and herbicides [1] . Aromatic esters had been found to be wide application, in food chemistry [2] . Many forms of aromatic esters are known to perform as potent antioxidants. Additionally, these aromatic esters are reported to have antimicrobial activity against yeast, Gram-negative, Gram-positive bacteria [3] . Multicomponent reactions (MCR), also referred to as the multicomponent assembly processes (MCAP), are the convergent, one-pot reactions of more than two submissive precursors. Several ZnO (Zinc oxide), ZnO 2 (zinc dioxide) based one-pot multicomponent reactions are simple to accomplish, flexible, high yielding and prime to excellent selectivity in the product [4] [5] . In continuation of our studies and the biological activity [6] , since the promising results with alkyl ferulates, we currently prepared simple and novel aromatic ester derivatives (Scheme 1, 4a-j [ Table 1 for analogues] ,[ Table 2 for optimization in different catalytic systems] and Table 3 for solvent selection of the reaction) and evaluated their antimicrobial activities. Results were discussed in Table 4 .
Experimental

Materials and methods
All chemicals were purchased from Merck or Fluka. Methanol and water used were of HPLC grade and were purchased from sigma Aldrich Pvt. Ltd. Mumbai, India. Melting points were determined in open capillaries and are uncorrected. Silica gel mesh GF 254 plates were used for TLC. GC (chromatogram) analyser model Shimadzu 1700 (Perkin Elmer) was used for sampling conversion. IR spectra were recorded on FTIR spectrophotometer (Perkin Elmer) using KBr disc method. 1H NMR and 13C NMR spectra were determined on Varian Gemini 200 MHz (IICT-Hyderabad) instrument. UV chamber (Perkin Elmer) were used in this study.
Experimental procedure for preparation of dimethyl 3-amino-4-(p-tolyloxy)-[1, 1'-biaryl]-2, 6-di-carboxylates
To a mechanically stirred solution of aldehyde (1 mole), 4-methyl phenol (1 mole) and ZnO 2 (5 mol%) in methanol-water (10 mL: 10 mL, v/v) was added malononitrile (2 mole). The mechanical stirring was continued for 3 hours at 800 rpm. The precipitate was checked with thin layer chromatography (mobile phase, ethyl acetate: nhexane 5:5) and conformed. The filtered product was washed with 50 ml methanol to isolate the final product. Data has been given below for all compounds. 
Results and discussions
In this work, the selected catalysis system was successfully employed to dimethyl 3-amino-4-(p-tolyloxy)-[1, 1'-biaryl]-2, 6-dicarboxylates from the reaction of aldehydes, 4-methyl phenol with malononitrile (excess) in a small catalytic amount of zinc dioxide and organic-aqueous (methanol-water) as a co-solvent medium. Under appropriate conditions, a high yield of the product was obtained. The final product was successfully separated and purified from the solidliquid phase reaction solution. From experimental observation, no by products were observed during or after the completion of reaction, indicating that only dimethyl 3-amino-4-(p-tolyloxy)-[1, 1'-biaryl]-2, 6-dicarboxylates were produced from the reactant 4-methyl phenol, aldehydes and malononitrile by solid supported catalytic systems. A plausible reaction mechanism was showed at Scheme 2. The effects of reaction conditions on the conversion (X) of limited reactant pmethyl phenol (pMP) were discussed below.
Definition: The conversion of (X) of 4-methyl phenol (pMP) defines as By applying the rate equation -ln (1-x) = K.t (K= Constant, t = time) some plots have been drawn for effects of temperature, catalysts systems.
The electron donating groups and electron withdrawing groups were affected the reaction progress [7] . Aldehydes with electron donating groups (Table 1 , entries 1, 5) forwarded the reaction 91% and 99% respectively in the product formation. Whereas the entries 2, 3, 4, 6, 7, 8, 9, 10, from Table 1 shows the 70-88 % yield in the product formation is due to the electron withdrawing groups on parent aldehydes. Reaction was conducted in a various solvents systems like benzene, acetone, toluene, cyclohexanone, methanol, methanol-water (1:1, v/v), methanol-acetonitrile (1:1, v/v) and methanol-THF (tetrahydro furan) (1:1, v/v) yields the product 35, 45, 40, 43 89, 98, 60, 50 respectively (see Table 3 ). A co-solvent system like methanolwater yields the product 98 % due to the hydrolysis of cyanide groups in the transition state of the reaction favours the formation of final aromatic esters moieties. Whereas other solvents could not perform well [8] . 
Effect of the catalyst system ZnO 2
The effect of the amounts of ZnO 2 compound on reaction was studied in the range of 0.1-0.8 mg. As shown in Fig. 2 , the reaction rate has been enhanced with increasing amount of catalyst such as ZnO 2 . In the absence of zinc dioxide, no reaction is occurred after 6 h. Nevertheless, the conversion has been dramatically increased to 95 % after 3 h of reaction when a small quantity of ZnO 2 (0.7 mg to 0.8 mg) is added to the reaction solution. Thus, the absorption of active catalyst ZnO 2 is enhanced the product yield in the reaction.
Comparative study of catalysts
We had studied different catalyst system on the current reaction. Basing on the amount of catalyst range (0.7-0.8mg) fixation (Fig. 3) , we were selected some other more oxides as a random catalysts along with the ZnO 2 . On comparative study of catalysts, the dioxides such as SiO 2 , ZnO 2 showed higher reaction yields whereas the tri-oxides like 
Characterizations
One of the typical compounds, (4a) had been analysed by IR, proton NMR, mass spectral data [10] and were discussed below alongside all synthesized molecules. From IR data (Fig. 4) , some identical functional groups were observed at 3400 cm -1 (NH, streching), 1745 cm -1 (COOCH 3 , streching) is for ester functional group, 2992 cm -1 is for CH or CH 2 streching, 1400-1510 cm -1 is for aromatic CH streching. It is clear that the expected functional groups were conformed. Fig. 5 shows the proton NMR spectrum of the compound 4a. The delta values taken in the solvent d 6 -DMSO, δ = 2.42 (singlet, 3H, CH 3 ) was assigned for the aromatic methyl group (a), δ = 3.68 (singlet, 6H, 2xCOOCH 3 ) assigned for ester group (f), δ = 4.7 (singlet, 2H, NH 2 ) assigned for amine group (e), δ = 7.2-7.8 (m, 10H, Ar-H) assigned for aromatic protons (b, c, g, h, i, d) respectively.
Mass peak (M + ) at 391.18 in (Fig. 6) shows a mass spectrum of dimethyl 3-amino-4-(p-tolyloxy)-[1, 1'-biphenyll]-2, 6-dicarboxylate (4a).
13 CNMR of 4a was also provided at Fig. 7 
Antimicrobial activity
The synthesized compounds 4a, 4b, 4c, 4d, 4e, 4f, 4g, 4h, 4i, 4j were evaluated for their in vitro antibacterial activity [11] against Escherichia coli (EC) and Pseudomonas aeruginosa (PA) as examples of Gram-negative bacteria and Bacillis subtilis(BS) and Staphylococcus aureus(SA) as examples of Gram-positive bacteria. They were also appraised for their in vitro antifungal activity against Saccharomyces cerevisiae (SC), Aspergillus fumigatus (AF), and Candida albicans (CA). Inhibition zone diameter in mm was used as criterion for the antimicrobial activity using the agar diffusion well method. The bactericides Streptomycin and fungicide Clotrimazole were used as references to evaluate the potency of the tested compounds under the same conditions. From Table 4 , we had been determined that most of the tested compounds displayed flexible degrees of antibacterial activity against Gram-positive bacteria, Gram-negative bacteria strains and also against fungal stresses in evaluation to the standard in each case which discovered that these compounds are biologically active. Compound 4i exhibited high degree of antibacterial activity against Gram-positive bacteria (SA). Compounds 4d, 4f, 4g, 4h, 4i, 4j have moderate degree of antibacterial activity against Gram-negative bacteria (EC) and (PA). All the compounds showed enough antifungal activity against (AF) and high activity against (SC, CA). The structure antimicrobial activity relationship of the synthesized compounds revealed that the supreme activity was attained with compounds having halogen atoms in their parent moiety.
Conclusion
In summary, we have described an extremely efficient technique for the preparation of novel dimethyl 3-amino-4-(p-tolyloxy)-[1, 1'-biaryl]-2, 6-dicarboxylates via a condensation reaction of various aldehydes, phenol and malononitrile using ZnO 2 as a catalyst in a methanol-water (v/v) reflux condition. This method had been showing high yields of product, environmental benign, low cost, simple handling of reaction. The products were displayed good antimicrobial activity, which all these factors lead us to show much interest on this particular chemical reaction.
